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ABSTRACT 

Aims. To study the properties of X-ray emission from young stellar objects (YSOs) through their evolution from Class I to Class III 
and determine whether Class protostars emit X-rays. 

Methods. A deep Chandra X-ray observation of the Serpens star-forming region was obtained. The Serpens Cloud Core is ideally 
suited for this type of investigation, being populated by a dense and extremely young cluster whose members are found in all evolu- 
tionary stages, including six well-studied Class sources. 

Results. None of the six Class protostars is detected in our observations, excluding the presence of sources with typical X-ray lumi- 
nosities ^ 0.4 X 10^^" erg s"' (for column densities of the order of 4 x 10^' cm"^, or Ay ~ 200). A total of 85 X-ray sources are detected 
and the light curves and spectra of 35 YSOs are derived. There is a clear trend of decreasing absorbing column densities as one moves 
from Class I to Class III sources, and some evidence of decreasing plasma temperatures, too. We observe a strong, long-duration, flare 
from a Class II low-mass star, for which we derive a flaring loop length of the order of 20 stellar radii. We interpret the flaring event 
as originating from a magnetic flux tube connecting the star to its circumstellar disk. The presence of such a disk is supported by the 
detection, in the spectrum of this star, of 6.4 keV Fe fluorescent emission. 
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1. Introduction 

Young stellar objects (YSOs) are well-known X-ray sources, and 
X-ray observations have become a routine tool for the study of 
star-forming regions. Beside its intrinsic astrophysics interest. 
X-ray emission in the early stages of stellar evolution may have a 
significant influence on the circumstellar environment. As a ion- 
izing source for the circumstellar accretion disk. X-ray emission 
may play an important role in regulating the coupling between 
the disk and the magnetic field and affect the chemistry of the 
disk itself. X-rays are an important compon ent in the complex 
feedback processes regulating star-formation: iNatta et al.l ( l2006l) 
speculate on the possibility that the observed spread in accretion 
rates observed in classical T Tauri stars (CCTS) of any given age 
(which is too large to be explained by "classical" accretion disk 
theory) might be explained by the large spread in X-ray luminos- 
ity among otherwise similar pre-main sequence stars, if the main 
source of disk ionization is indeed provided by the stellar X-ray 
emission. Additionally, as the hot X-ray emitting plasma needs 
to be confined by strong magnetic fields (B > 100 G), tracing the 
X-ray emission and its spatial extent provides a mean of locating 
strong magnetic fields, which (in the magnetospheric accretion 
model of low-mass YSOs) have a key role in channeling the ac- 
creting plasma and thus in regulating the accretion. 

One open question regards the onset of X-ray emission: at 
which evolutionary phase do YSOs start to emit X-rays? CuiTent 
evidence shows that X-ray emission is c ommon (although pe r- 
haps not universal) in Class I sources (e.g lOzawa et al I I2OOI - 
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Class I sources are protostars which already have an accretion 
disk but are still supplied with a relatively massive circumstellar 
envelope. In Class II sources (or CTTS, i.e. young stars actively 
accreting from a circumstellar disk, but without a circumstel- 
lar envelope) X-ray emission is an universal feature, as shown, 
for instance, b y the deep Chandra observations of the Orio n 
Nebula Cluster jFlaccomio et al. l l2003bHPreibisch et alilloosh . 
In more evolved sources, that are no longer accreting (Class III, 
or weak-lined T Tauri stars - WTTS), X-ray emission is also an 
universal occurrence, with characterist ics and luminosity simi- 
lar to active main-seq uence stars (e.g. iFlaccomio et a n. l2003bt 
iPreibisch etan.l2005h . 

Class sources are young protostars at the beginning of the 
main accretion phase. Observationally, they are characterized by 
strong, centrally-condensed dust continuum emission at submil- 
limeter wavelengths, powerful jet-like outflows, and very little 
e mission shor tward of 10 fim. According to the defintion given 
in I Andre et al. (2000), their submillimeter luminosity (measured 
longward of 350 jum), should be greater than 0.5% of their bolo- 
metric luminosity - thereby suggesting that the envelope mass 
exceeds the central stellar mass. The evidence for X-ra y emis- 
sion from Class protostars is still fragmentary. Tsubo i et al.l 
(1200 ll) claimed the discovery of X-rays from two highly embed- 
ded sources in the OMC-2/3 clouds, within a few arcsecs from 
the Class candidates MMS 2 and MMS 3. The two detected 
sources show some Class characteristics: a very large absorp- 
tion (A^(H) = 1 - 3 X 10^^ cm"^), no near-IR counterparts, and as- 
sociations with millimeter radio clumps. Howeve r , follo w-up ra- 
dio and near-IR observations by ITsuiimoto et al.l (|2004|) did not 
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unambiguously classify either source as Class 0, and associated 
one of them with emission from a proto-stellar jet originating in 
a Class I source. 

Anot her claim for X-ray emission from Class sources was 
made by iHamaguchi et alj (l2005i) . who detected X-ray emis- 
sion from 2 embedded sources in the R Coronae Australis star- 
forming core. The two sources are associated with VLA cen- 
timeter radio sources and their X-ray spectra imply absorbing 
column densities of the order of 3 X 10^^ cm"^,orAv ^ 180 mag. 
One of the two sour ces, IRS 7W, does not appear to be a Class 
source: according to lForbrich et al.l (l2006l) the emerging picture 
is that of IRS 7W being an infrared-detected, deeply-embedded 
protostar, probably a Class I or II so urce. The other source, IRS 
7E, is proposed as a Class source ( lForbrichetaUl2006h . The 
X-ray emission from this source displays strong variability (its 
luminosity varying between 0.2 x 10-" and 2 x 10"" erg s^'on 
timescales of 3 to 30 months) and it is characterized by a high 
plasma tem perature, kT ^ 3-4 k e V. 

Finally. lOetman et alj (l2006l) have recently reported X-ray 
emission associated with the luminous Class O/I protostar IRAS 
21391-1-5802 (in IC 1396N). Their Chandra data reveal a faint, 
extremely hard. X-ray source within 0.5" of BIMA 2, the mil- 
limeter counterpart of the IRAS source. From the 8 extracted 
photons they derive a median energy of the source of 6.0 keV 
and infer an absorbing column density of A^(H) ~ 10^"* cm"^ 
(Ay ~ 500). The inferred intrinsic hard band luminosity cor- 
rected for absorption is Lx ~ 2 x 10"" erg s"', a high luminosity 
consistent with IRAS 21391-1-5802 being an intermediate mass 
protostar with circumstellar mass ~ 5 Mq. The analysis of the 
photon arrival time suggests that IRAS 21391-H 5802 was seen 
during the decay of a magnetic reconnection flare jGetman et al.L 
120061) . 

Thus, while some evidence of Class X-ray emission is 
gathering, this is still patchy; the Serpens cloud is an ideal envi- 
ronment to try to investigate X-ray emission from protostars fur- 
ther since it contains a set of well-studied, well-identified Class 
sources and is nearby. 

Here we present a 90 ks Chandra observation of the Serpens 
Cloud Core. The Serpens cloud has been previously observed in 
X-rays both with the ROSAT HRI and with XMM-Newton. The 
ROSAT observation was relat ively shor t (^ 19 ks) and resulted 
in the detection of 7 sources (lPreibischL[l998h . while a total of 
45 X-ray sources were detected in the shorter XMM-Afewton ob- 
servation (^ 12 ks, Preibisch, 2003). This last observation was 
combined bv iPreibischI (12004 ) with two other subsequent XMM- 
Newton observations for a total exposure time of ~ 52 ks. The 
present Chandra observation is therefore the deepest X-ray ob- 
servation conducted to date of the Serpens region, allowing us to 
detect fainter sources (for a total number of 85) and to study the 
spectrum and the temporal variability of a significant number of 
YSOs in the region. 

1.1. Characteristics of tiie Serpens cloud 

The Serpens Cloud Core (diameter ~ 6 arcmin) is one of the 
more active, nearby star-forming regions and has been the sub- 
ject of many observational studies during the last ISyears. Its 
distance is estimated at 260 pc by IStraizys et al.l (IT996I) . us- 
ing photometry of the brightest stars in the region. In the IR, 
the Serpens Cloud Core is dominated by two conical regions 
of diffuse emission extending out of a large disk-like absorp- 
tion feature along the northeast-southwest direction (centered 
on the young star SVS 2); to the south, a filamentary, eye- 
shaped structure of intense emission is centered around SVS 



20. The region is populated by a deeply-embedded and ex- 
tremely young cluster whose members are found in many dif- 
ferent evolutionary stages. Near-IR surveys identified more than 
150 sources embedded in the cloud core (Eiroa&Casali, 199"! 
ISogawa et al.Lll997l;lGiovannetti et al.Lil998;.Kaas et al....2004t ). 
Many of these sources were classified as Class II YSOs, by 
mean s of mid -IR Infrared Space Observatory (ISO) observa- 
tions dKaas et al., 2004); these observations also revealed a sig- 
nificant number of flat-spectrum sources and Class I protostars. 
Sub-millimeter, millimeter, and far-IR observations show that 
the cloud core is also populated by one of the richest collection 
qi^Class o bjects and pre-stellar condensations (Casal i et al. , 
1993; Hur t & Barso nyi ri996 ; Testi & Sargent . 1998 ; Eiroa et al. , 
2005j). The age of t he Class II population of the cluster is esti - 
mated at 2-3 Myr dOiovannetti et al.L 119981; iKaas et al.L |2004 . 
however on-going star formation is evident from the pres- 
ence of protostars and pre -stellar condensation s as well as 
several molecular outflows (IB ally & Ladal [19831; IWhite et akl 
119951; iHerbst et al.L Il997t lOavis et al.L ll'999h and the age of the 
Class I population is believed to b e less than a few 10^ yr 
(iGiovannetti et all 119981: iKaas et al.L 2004). Serpens was also 
the target of a Spitzer observation, as described in Sect. 12.11 We 
made use of the Spitzer data to provide a classification of the X- 
ray sources detected in the Chandra observation. In particular, 
we used a Spitzer color-color diagram to determine whether a 
given YSO is Class I, II or III. 

2. Observations and data analysis 

The core of the Serpens cloud was observed with Chandra start- 
ing at 21:43 UT on June 19, 2004. The observation lasted for 
91.4 ks (although the scheduled duration was 100 ks). The data 
quality as received from the CXC was satisfactory, and we did 
not reprocess the data set. The image of the X-ray observation 
is shown in Fig[T] together with an IR image derived from the 
Spitzer observation in IRAC band 1 (3.6 /vm). 

We performed the source detection on the unfiltered event 
list, using the Wavelet Transform detection algorithm devel- 
oped at Palermo Astronomical Observatory (Pwdetect, available 
at http://oapa.astropa.unipa.it/progetti_ricerca/PWDetect). A to- 
tal of 85 X-ray sources were detected, of which we expect at 
most 1 to be spurious, based on the source significance limit with 
which PWDETECT was run. The coordinates and ACIS-I count rate 
of the detected sources are listed in Table|5] Note that sources 49 
and 5 1 are unresolved from source 48, as this is characterized by 
an elongated shape in the NE direction. Source 48 is the X-ray 
counterpart of SVS 20, the deeply-embedded IR double source 
located inside the "eye" structure at the center of the Serpens 
nebula (see Sect. |4.3| for more details). 

Table |6] provides cross-identification of sources as obtained 
from the Simbad database (search radius of 5 arcsec). 

For sufficiently bright X-ray sources (with count rate > 0.5 
cts/ks) individual light curves and spectra were extracted us- 
ing source and background regions defined in ds9 and ciao 3.3 
threads, which were also used for the generation of the rela- 
tive response matrices. For these sources, spectral fits were per- 
formed using xsPEC 11.3 (see Sect. [3]). 

Fig. |2] shows the K \s. J - K color-magnitude diagram for 
the X-ray sources listed in Tables |5] which have a 2MASS coun- 
terpart. In the diagram 2 Myr isochrones are shown for 4 val- 
ues of extinction (Ak = 0, 1, 2, 3). Reddening vectors have been 
computed following the relation Ak - Rk x E{J - K), where 
E(J - K) is the colour excess (E(J - K) = (J - K) - {J - K)o) 
and Rfc - 0.66 jRieke & Lebofsk"vl Il985h . The isochrones are 
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Fig. 1. Top - Chandra X-ray image of the Serpens Cloud Core; 
the positions of Class sources are indicated. Bottom - Spitzer 
IRAC band 1 view of the Serpens (the outline gives the Chandra 
FOV). 



from ISiess et alj (|2000|) . for a metal abundance Z — 0.02 plus 
overshooting, shifted to the distance of the Serpens (260 pc). 
Although, various simplifying assumptions apply to the model 
isochrones (e.g. they include neither rotation nor accretion) and 
evolutionary models for pre-main sequence stars are not yet well 
established, they allow a mass estimate for most of our sources 
to be derived. The X-ray sample comprises a significant number 



Fig. 2. Color magnitude diagram for the X-ray sources with 
2MASS counterparts (Table 5). Theoretical 2 Myr isochrones 
are also shown for different extinction coefficients (from left to 
right Ak = 0, 1,2,3). The dashed lines indicate the reddening 
vector for stars of constant mass (from top to bottom 3, 7, 2.2, 
1, 0.2, and 0.1 Mq). Circled numbers indicates Class I sources: 
their position in the diagram should not be compared to the 2 My 
isochrones, as their ages is estimated to be less than ~ 10^ yr. 



of very low-mass stars (M < 0.1 Mq), 6 intermediate mass stars 
and the highly reddened double source SVS 20 (source 48). 

The J- H versus H- K color-color diagram in Fig. fallows 
normally reddened stars to be discriminated from stars with IR 
excess (indicative of warm circumstellar dust in addition to a 
reddened photosphere). The majority of stars with high IR ex- 
cess are indeed Class I sources or Flat spectrum sources (Class 
I/II). 

2.1. Spitzer data 

A detailed description of the processin g and data reduction of 
the Spitzer infrared data can be found in lWinston et al.l ([2006). 

The Spitzer Space Telescope observed the Serpens region at 
infrared wavelengths from 3.6 - 70 jjm as part of the Guaranteed 
Time Observati ons (GTO) p rogram PID 6. The InfraRed Array 
Camera (IRAC: iFazio et all 2004) observed the Serpens Cloud 
Core at 3.6, 4.5, 5.8, 8.0 /jm , while the Multiband Imaging 
Photometer for Spitzer (MIPS: iRieke et al.L 1200 4) provided ob- 
servations at 24 and 70 /im. The IRAC bands detected sources 
below the hydrogen burning limit in Serpens. The IRAC and 
MIPS data were combined with near-IR J, H, and K band data 
from 2MASS. The overlap region for these eight bands covered 
the entire Chandra field of view. 

The classification of the sources was carried out using the 
slope of the Spectral Energy Distributions (SEDs) between the 
wavelengths 3.6 jjm and 8.0 //m, as a measure of the excess IR 
emission from circumstellar material. Sources were classified as 
follows: Class I are sources with a slope greater than 0. Flat spec- 



4 



G. Giardino et al.: The onset of X-ray emission in young stellar objects 




II-K 



Fig. 3. Color-color diagram for the X-ray sources in Table 5 with 
2MASS counterpart. The solid line at lower-left is the theoreti- 
cal 2 Myr isochrone. The dotted line yields the locus of dered- 
dened colours of classical T Tauri stars according to Meyer et al. 
(1997). The dashed lines mark the reddening band for normally 
reddened stars. Class I sources are identified by a circle. 



trum (Class I/II) sources have 'flat' slopes between 0.0 and -0.5. 
Class II YSOs show excess emission from a circumstellar disk, 

with a slope between -0.5 and 3.5. Class III sources exhibit 

photospheric emission, with slopes of ~ -3.5. Transition Disk 
sources (Class II/III) show photospheric emission shortwards of 
8.0 fj.m, with excess emission at 24 //m. In this case we only ob- 
serve disk emission from the outer regions of the disk, indicative 
of disks with large inner holes. These may be due to grain growth 
or disk clearing by (proto)pl anets. A more detailed description of 
the classification is given in I Winston et al.l (l2006 l). 

The X-ray and infrared lists were merged with a positional 
accuracy of ~ 1 arcsec. Of the 85 X-ray sources, 72 were de- 
tected in at least one of the IR bands. Of these 72, 56 could be 
classified by our infrared data. The remaining 16 sources were 
detected in too few Spitzer bands to construct their SEDs and 
were faint (> 15 mag) at 3.6 fim. We consider these objects 
likely to be background galaxies. The 56 brighter objects were 
classified as follows: 9 Class I, 9 Flat Spectrum, 19 Class II, 2 
Transition Disks, and 17 Class III sources. 



3. Results 

3.1. The lack of X-ray emission from Class sources 

The Serpens cloud has been the subject of many observational 
studies in the submm and far IR, which h ave identified a num- 
ber of Class sources. ICasali et 311(119931) published the first list 
of submm sources without near-IR counterparts in the Serpens 
(FIRS l/SMMl, SMM2, SMM4, SMM3) and Hurt & Barsony 
j 19961) indicated these four objects plus S68N (SMM 9) to be 
Class 0. These objects were also detected in a later survey of 
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Fig. 4. Spitzer color-color diagram for the X-ray sources de- 
tected in all four Spitzer bands. 



3 mm radio emission by iTesti & Sargent! d 19981 ). where a to- 
tal of 32 sources in a 5 .5 x 5.5-arcmin area, were identified. 
IWolf-Chase et alJd 19981 ) also identified S68N asaClass object 
and re ported a more accurate position for it. iHoger heiide et aT] 
(1999) confirmed the Class status of FIRSl, SMM3 and 
SMM 4 but suggested th at SMM2 may not contain a central pro- 
tostar. iDavis etalJ(fT999 ) obtained wide-field submm continuum 
and CO J=2-l observations of the Serpens Cloud Core. They de- 
tected all the above mentioned sources plus SMM8, SMMIO and 
SMMl 1, however for SM M8 and SM Ml 1 they were unable to 
derive a spectral indejfl iDavis et al ] fl999.) also suggested that 
these Serpens submm source may be "warm", late Class or 
ear ly Class I ob j ects. 

lEiroa et all (l20Q5|) searched for 3.5 cm VLA sources in 
Serpens and, together with eighteen more evolved sources, they 
detected FIRSl, SMM4, SMM9/S68N, and SMMIO. They also 
searched for ISO counterparts and suggested that these four 
sources had an ISO counterpart; they noted that the Class 
classification given in the literature, fo r these four sources, is 
based on (sub-)mi l limetr i c observations ( Hurt & B arson vi 119961 : 
IWolf-Chase etall 119981: IHogerheiide et all Il999l) . while the 
Class I cla s sificat ion is taken from ISO mid-IR observations 
dKaas et all 12004*). In the case of FIRSl, however, the cross- 
identification with ISO objects 258a and 258b is uncertain, since 
ISO objects 258a and 258b lie ^ 9 arcsec away fro m the posi- 
tion of the mm/submm source and, as discussed by iKaas et al.l 
(20(3), they could be scattered light from the far-IR source 
FIRS 1 . iKaas et all (l2004 also exclude ISOCAM detections for 
SMM2 and SMM3 within the positional uncertainties. 

Table [1] provides the positions for this sample of Class or 
O/I sources which fall in the ACIS field of view of our Serpens 
observation. None of these 6 sources was detected in the recent 
Spitzer observation confirming the high ratio of sub-millimiter 
to mid-IR luminosity for these sources, and thereby their Class 
nature. 

An important result from the present study is that none of 
the six Class sources in Table[T]are individually detected as X- 
ray sources. This non-detection can be translated in an estimate 
of the absorbing column density necessary to absorb a source's 
emission to the level where it would become undetectable in our 
data (below ~ 0. 1 cts/ks, as per Table |5]), assuming a spectrum 



' Due to the lack of 3-mm fluxes from Testi & Sargent (1998) for 
these two sources. 
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Table 1. Class and Class O/I sources in the field of view of 
our Chandra ACIS observation. Their ISO counterpart is also 
indicated. Coordinates are from: Hogerheijde et al. (1999) for 
FIRSl, SMM2, SMM3, and SMM4; Wolf-Chase et al. (1998) 
for S68N and Davis et al. (1999) for SMMIO. Hogerheijde et al. 
(1999) indicated SMM2 as star-less. 



Name 




RA 


Dec 




ISO 
id 


CI. 


FIRSl/SMMl 


18 


29 49.7 


-1-01 


15 


21 







SMM2 


18 


30 00.4 


-1-01 


12 


50 




0? 


SMM3 


18 


29 59.3 


-1-01 


14 


00 







SMM4 


18 


29 56.7 


-1-01 


13 


15 


308 


O/I 


S68N/SMM9 


18 


29 47.9 


-1-01 


16 


47 


241 


O/I 


SMMIO 


18 


29 52.1 


-1-01 


15 


48 


270 


O/I 



and luminosity for the source. We used as proxy the X-ray spec- 
trum of a Class I source in our field, source 60 (with 0.7 cts/ks), 
and increased the absorbing column density of its best-fit model 
to the value at which the model predicted source counts would 
be ~ 0.1 ks"', i.e. our detection limit. Source 60 would become 
undetectable in our data behind an absorbing column density of 
A^(H) ~ 40 X 10^2 cm-2 or Ay ~ 200. Source 60 has a best fit 
kT value of 2.4 keV and an (intrinsic) luminosity of 10"'" erg s"' , 
which are typical for Class I so urces. In the sample of five Class 
I sources of p Oph compiled bv lOzawa et alj ( l2005l) . the average 
values of kT and Lx are 3.2 keV and 2.9x lO^*" erg s"' . Therefore, 
in the assumption that Class sources have X-ray characteristics 
similar to Class I objects, source 6 is a good pr oxy. 

As already men tioned, iTsuboi et alj (|2001[) and 
iHamaguchi et al.l (l2005h derive column densities of the or- 
der of (10 - 30) X 10^^ cm"^ in their X-ray observations of 
highly embedded YSOs. Since these objects appear to have 
higher plasma temperatures than source 60 (kT ~ 3 - 4 keV) 
and similar luminosity, than we can exclude the possibility that 
X-ray sources similar to the one reported by the above authors 
are embedded within the mm/sub mm sources of Table [T] As 
shown in Fig.|5] a source with a higher plasma temperature than 
source 60 and the same luminosity would have to be screened by 
an absorbing column density higher than 40 x 10^^ cm"^ for its 
count rate to be below our detection threshold. For comparison, 
a source with kT - 4.3 keV and Lx = lO-'" erg s"' would 
be undetectable in our data only if screened by an absorbing 
column density ^ 60 x 10^^ cm"^ (Ay ^ 300 mag). 

A source with characteristics similar to IRAS 21391-<-5802, 
reported by Getman et a l. ( 2006), would have also been well vis- 
ible in our observation, its properties (N{li) ~ 10^"*, kT = 6.0 
keV and Lx ~ 2 x 10^' erg s ') implying in ACIS a count rate 
of 1.0 ks If the high luminosity and plasma temperature of 
IRAS 21391-1-5802 ai-e, however, the result of a flare and the 
more common situation is the one in which a lower luminosity, 
lower plasma temperature, source (e.g. with Lx = lO-"* erg s"^ 
and kT = 2-4 keV) is hidden behind 500 mag of extinction, then 
our observation is not sensitive enough to detect such a source 
(see Fig.|5]). 

Of course, we cannot exclude the possibility that an X-ray 
emitting source with properties similar to the ones of source 60 
is hiding beneath a column of absorbing material higher than 
40x 10^^ cm^^or that these Class sources are weaker sources. 

^ In p Oph. lMotte et all l ll998ll derives, for compact cores, molecular 
hydrogen column densities of ^(112) = (10 - 80) x 10"^ cm"^, corre- 
sponding to Av = 100 - 800. 



'I'M • ' ' ^ n 

1031 _ / 
; kT if 1,53 / 

y At = 2.16 



1029 _ 



1023 lO^t 

N(H) [cm 2] 

Fig. 5. Minimum X-ray luminosity required for a source to be 
detectable in our observations, as a function of the absorbing col- 
umn density, for different temperatures of the emitting plasma. 
The curves were obtained using the pimms software at Heasarc, 
assuming for the emitting plasma a Raymond-Smith model with 
Z = 0.2 Zq. 



In order to derive a more sensitive upper limit for the typical 
Class source in the Serpens Cloud Core, we registered and 
co-added the X-ray photons from 200 x 200 pixels (98 x 98 arc- 
sec) regions around each of the sources, centered on the coor- 
dinates given in Table[T] Since there are six such regions, the 
result of this operation is equivalent (under the assumption that 
the six Class sources are all similar to each other) to an obser- 
vation of a single Class source for an integration time six times 
longer than our original observation, i.e. ~ 540 ks. The image of 
the "coadded" event list, resulting from this operation, is shown 
in Fig.|6]for the two energy intervals AE = 0.5 - 8.0 keV and 
AE - 4.0 - 8.0 ke\Q. No source appears to be present in the 
centre of the coadded image, within a 5" radius, corresponding 
to the positional uncertainties of the mm/submm objects. The to- 
tal number of counts within the 3"-radius central area is 15 (a 3" 
radius being typical of source extraction regions for ACIS data), 
completely consistent with the background level for the coadded 
event list. The measured average background level in the coad- 
ded event file is 0.5 cts arcsec"^, i.e. 14 + 4 counts in a circular 
area with a 3" radius. This agrees well with the level of back- 
ground in the original image, 0.083 cts arcsec"^, indicating that 
the "coadded" image does not suffer from significant systemat- 
ics. 

In the coadded image, a source at 6cr leveQ above the back- 
ground would have implied 41 counts within a 3"-radius area, 
corresponding to a source count rate of 0.04 cts/ks. The fact that 
there is no such a source sets a more stringent upper limit on 
the typical level of X-ray emission from these Class sources 



^ If Class or Class O/I sources have high plasma temperatures, as 
in the case reported by Getman et al. (2006), then they could be more 
easily detectable in an hard-band image. 

5-6 cr above background being the significance level of the weaker 
sources in our list. 
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of Lx < 0.4 X 10-'*' erg s '(in the above assumption of A^(H) - 
40 X 10^2 and kT = 2.3 keV). 

The median luminosity of the YSOs for which spectra have 
been studied in the present work (32 out of 35 - as three were 
undergoing a strong flare) is 0.4x lO'^'erg s"' , the same as the up- 
per limit on the typical X-ray luminosity of the Class sources, 
implying that if the Class sources in the Serpens cloud are in- 
deed X-ray sources, then they have luminosities below the level 
typical of the other YSO in the region (or they are hidden behind 
an absorbing column density higher than 40 x 10^^ cm"^). 

3.2. Spectral characteristics of tiie X-ray-brigiit YSOs 

A spectral and timing analysis was carried out on aU sufficiently 
bright sources (count rate > 0.5 cts/ks). The spectra and light 
curves of all the sources brighter than 2.0 cts/ks are shown in 
Fig. [To] and Fig. [13] the results of the spectral analysis for these 
source are summarised in Table|2] The results of the spectral 
analysis for some of the sources with count rate between 0.5 
and 2.0 cts/ks are also summarised in Table|2] For these weaker 
sources, only the results for the sources with Spitzer classifi- 
cation are reported. In the sample of sources stronger than 0.5 
cts/ks, there are no sources with a ISO counterpart but no Spitzer 
data, while there is a number of sources observed by Spitzer 
for which there are no ISO counterparts, so in Table|2]we used 
only the classification derived from the Spitzer observation. The 
sources are subdivided in the table according to their classifica- 
tion. 

The foreground absorption toward the Serpens com- 
plex can be estimated using the galactic extinction law of 
iBahcall&Soneiral (119801) . 

Av = ai„f(l-exp(-z/100)) 

where Q-inf = 0.15/ sinfe, z = 10'^'^*'^^*^^* sin Z?, being the galac- 
tic latitude and DM the distance modulus. Using the distance to 
Serpens of 260 pc {DM - 7) and its latitude ib - 5.39) one de- 
rives a minimum value of Ay - 0.3 or A^(H) = 0.06 x 10^^ cm"^. 
The source with the lowest value of absorbing column density is 
source 38 for which A^(H) = 0.05 + 0.06 x 10^^ cm"^, consis- 
tent with all the YSOs for which spectra and light curves have 
been studied here being part of the Serpens complex (rather than 
being foreground objects). 

Fig.|2]shows the values of the absorbing column densities vs. 
the plasma temperatures of the sources in Table|2] except for the 
sources undergoing a strong flare (66, 79 and 44) or unlikely 
to be stars (6, 13 and 70), which have been omitted. A trend 
of decreasing absorbing column densities from Class I to Class 
III is clearly present. There is a lack of low-plasma-temperature 
high-absorption sources, which is expected, as with low plasma 
temperature higher luminosities are necessary in order to see a 
source through higher column densities. There is also, possi- 
bly, a lack of sources in the lower-right region of the diagram 
(where sources have a high plasma temperature and small ab- 
sorption, and are thus easy to detect), hinting at an evolutionary 
efifect from the Class I (high X-ray temperature, high extinction) 
to the Class III stage (lower X-ray temperature and extinction). 
Table[3]lists the median values of A^(H) and kT for the different 
classes from which the trend of decreasing absorbing column 
density from Class I to Class III is clear and a trend of decreas- 
ing plasma temperature is also somewhat present (although less 
clear). Note also that, since these median values are based on de- 
tected sources only (we did not include upper limits, because of 
the lack of a parent catalogue), the trend in kT could be due to a 



Table 3. Median values of absorbing column density, plasma 
temperature, and X-ray luminosity for the different classes. Units 
as from Table 2. Flaring sources and sources likely non-stellar 
are not included. 



Class 


Af(H) 


kT 


Lx 




N22 


keV 


Lio 


I 


7.4 


2.4 


1.7 


I/II 


1.9 


2.3 


0.3 


II 


0.9 


2.8 


0.4 


II/III 


0.3 


1.5 


0.1 


III 


0.8 


1.7 


0.2 


I/II -1- II 


1.0 


2.3 


0.3 


II/III + III 


0.7 


1.5 


0.2 



selection effect (i.e. Class I/II soft sources, being very absorbed, 
are not detected). 

The diag ram in Fig. [7] is similar to the one derived by 
lOzawa et al.l (12005) for the p Oph cloud core. They also note a 
lack of sources in the high-plasma-temperature small-absorption 
region of the diagram and interpret this as evidenc e of an evo- 
lutionary effect. A similar effect is noted by Flacc omio et al.l 
(120061) in their study of the NGC 2264 star-forming complex. 

As shown in Table[3] no evolutionary pattern is seen in the 
sources' luminosities. The higher X-ray luminosities of Class I 
YSOs likely being due to a selection eff'ect, since only the bright- 
est sources are detected behind higher column densities. 




• Class I 

■ Class I/ll 

A Class 11 

A Class II/III 

il Class 111 



kT [keV] 



Fig. 7. Values of absorbing column densities vs plasma temper- 
atures for the sources in Table|2] Sources undergoing a strong 
flare (79, 66, 44) or likely non-stellar (6, 13 and 70) have been 
omitted. Error bars are at Icr. 



3.3. Temporal variability of the the X-ray bright YSOs 

The majority of the YSOs with count rate > 0.5 cts/ks, i.e. bright 
enough for their light curves to be analysed, shows significant 
variability, although with different characteristics. Three sources 
(44, 66 and 79) undergo a flare, with that of source 79 being the 
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Fig. 6. The coadded image obtained by adding ACTS events from six regions of 200 x 200 pixels centered on the position of the 
Class sources, for the energy intervals AE - 0.5 - 8.0 keV (left) and AE = 4.0 - 8.0 keV (right). The circular region in the center 
is 5", corresponding to positional uncertainties of the mm/submm sources. No X-ray source is present within this area indicating 
that the Class sources in our sample are unlikely to be X-ray sources with intensities just below our detection threshold. The 
sources present in the image are genuine sources falling by chance near the position of one of the Class sources, which have been 
"coadded". 



longest and most intense. This flare is analysed and discussed in 
detail in Sec.|47l 

To evaluate the presence of X-ray variability, the 
Kolmogorov-Smirnov test, which measures the maximum 
deviation of the integral photon arrival times from a constant 
source model, was applied to all the brighter X-ray sources 
(count rate > 0.5 cts/ks). The results, in terms of constancy 
probability, are given in Table|2] The majority of sources, 21 out 
of 38, has a probability of constancy below 2%. Of these 21, 
19 are classified as YSOs (sources 13 and 70 are unlikely to be 
stars). 

In order to quantify the X-ray variability of these 19 YSOs 
we computed the normalized cumulative distribution of the am- 
plitude of their variability. This represents the fraction of time 
that a source spends in a state with the flux larger than a given 
value, expressed in terms of a given normalization value, which 
can be the minimum count rate, the median count rate, etc. For 
the present sample we took as normalization value the count rate 
above which a source spends 90% of the time; this is less sensi- 
tive to noise fluctuations than the real minimum. 

Figure [8] shows the distribution for the stars in our sample. 
Some sources (e.g. 2, 48 and 54) show mostly low-amplitude 
variability, in which less than 30% of the time is spent in a state 
1.3-2 times above the minimum. Other sources (e.g. 21, 37, 
and 65) on the other hand, spend more than 50% of the time 
in such a state. Kolmogorov-Smirnov tests for the cumulative 
distributions of various pairs of sources also indicate the pres- 
ence of different behaviors. However sources of the same class 
are present in groups with different variability behavior, so that 
an interpretation in terms of source evolution is not possible. 
This lack of trends in the variability of different classes of YSOs 
was also observed for a sample of WTTS and CTTS in LI 551 
jGiardino et al.Ll2006l) . 




normalised rate 



Fig. 8. Normalized cumulative count-rate distribution for all the 
YSOs in Table 2 with Kolmogorov-Smirnov probability of con- 
stancy (Cks) lower than 2%. Dotted line indicates Class I/II ob- 
jects, continuous line Class II, and short-dashed Class III objects. 



4. Interesting individual sources 

As already mentioned, we extracted the light curves and spectra 
of all the sources with count rate > 2 cts/ks. These are shown in 
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Table 2. Best-fit spectral parameters for 38 X-ray sources with count rate greater than 0.5 cts/ks. Results for all sources with count 
rate greater than 2 cts/ks are given; for the sources with rate between 0.5-2.0cts/ks, only results for sources which have a counterpart 
with a Spitzerdenved YSO class are reported. EM is the emission measure, P the null-hypothesis probability of the fit, and Lx is the 
X-ray luminosity derived from the "unabsorbed" X-ray flux. Units are N22 = 10^^ cm"^, EM52 = lO''-' cm"-^, F_i3 = lO"'-' erg cm"^ 
s"\ and L20 = 10^° erg s"'. The spectral fits were carried out in the energy range 0.3-7.5 keV unless otherwise indicated. Cks gives 
the probability of constancy from the Kolmogorov-Smirnov test for the sources' light curves. 



Src 




kT 


Z 


EM 




P 


Fx 




Cks 




N22 


keV 


Zo 


EM53 








L30 




Class I 






















32 


15.38 ± 10.47 


2.21 + 2.35 


0.30 (froz.) 


2.01 + 


9.01 


1.13 


0.34 


0.27 


2.20 


0.03 


60 


7.4 ± 2.54 


2.36+ 1.32 


0.3 (froz.) 


0.93 + 


1.67 


0.26 


1 


0.21 


1.01 


0.11 


61 


4.00 ± 0.94 


3.11 + 1.39 


0.30 (froz.) 


0.54 + 


0.56 


1.23 


0.20 


0.24 


0.68 


0.05 


Class I/II 






















13* 


4.34 ±0.81 


21.82 + 32.48 


0.3 (froz.) 


0.42 + 


0.45 


0.8 


0.91 


1.07 


1.7 


O.le-5 


37t 


1.91 + 0.83 


2.26+ 1.3 


0.3 (froz.) 


0.14 + 


0.19 


1.2 


0.3 


0.06 


0.15 


0.9e-4 


48 


3.6 ± 0.32 


2.5 + 0.34 


0.3 (froz.) 


3.5 + 


1.3 


0.84 


0.91 


1.26 


3.9 


O.le-4 


53 


4.28 ± 0.41 


3.83 + 0.78 


0.3 (froz.) 


2.65 + 


1.03 


0.63 


1 


1.39 


3.47 





55+ 


1.05 + 0.3 


1.22 + 0.26 


0.3 (froz.) 


0.46 + 


0.34 


0.47 


0.98 


0.14 


0.44 


0.45 


66+ f 


1.75 + 0.75 


4.33 + 4.25 


0.3 (froz.) 


0.16 + 


0.15 


1.01 


0.44 


0.13 


0.22 





83+ 


0.81 + 0.52 


1.75 + 1.04 


0.3 (froz.) 


0.11 + 


0.14 


1.02 


0.43 


0.05 


0.11 


0.02 


Class II 






















6* 


3.36+ 1.60 


28.02 + 96.82 


0.30 (froz.) 


0.19 + 


0.08 


0.77 


0.73 


0.18 


0.20 


0.15 


18+ 


0.48 + 0.23 


3.04+1.46 


0.3 (froz.) 


0.09 + 


0.06 


0.99 


0.46 


0.08 


0.11 


0.08 


23+ 


0.7 + 0.28 


0.69 + 0.27 


0.3 (froz.) 


0.3 + 


0.56 


1.08 


0.37 


0.07 


0.31 


0.01 


34 


0.76 + 0.11 


3.22 + 0.5 


0.3 (froz.) 


0.78 + 


0.21 


0.7 


0.99 


0.65 


0.96 





44 f 


1.41 + 0.34 


6.7 + 3.41 


0.3 (froz.) 


0.41 d 


: 0.2 


0.73 


0.91 


0.43 


0.62 





50+ 


0.94 + 0.42 


3.43 + 2.42 


0.3 (froz.) 


0.25 + 


0.24 


0.32 


0.96 


0.21 


0.32 


0.11 


54 


3.16 + 0.11 


2.77 + 0.16 


0.15 + 0.06 


17.68 d 


: 2.02 


1.08 


0.17 


7.12 


19.2 


0.6e-2 


59 


1.5 + 0.21 


0.73 + 0.15 


0.3 (froz.) 


0.74 d 


: 0.7 


0.65 


0.87 


0.08 


0.76 


0.6e-3 


63+ 


6.17 + 3.04 


2.12 + 1.72 


0.3 (froz.) 


0.46 + 


1.34 


0.8 


0.57 


0.1 


0.48 


0.05 


69 


1.16 + 0.17 


1.02 + 0.13 


0.3 (froz.) 


0.69 + 


0.37 


0.98 


0.51 


0.16 


0.69 


0.7e-5 


73 


0.85 + 0.25 


1 + 0.19 


0.3 (froz.) 


0.42 + 


0.23 


0.83 


0.72 


0.12 


0.42 


0.8e-3 


75 


0.52 + 0.14 


2.76 + 0.62 


0.3 (froz.) 


0.35 + 


0.14 


0.65 


0.98 


0.29 


0.41 


0.02 


79+ f 


0.52 + 0.04 


3.71 +0.34 


0.3 (froz.) 


2.45 + 


0.26 


1.00 


0.50 


2.44 


3.16 





Class II/III 






















84 


0.14 + 0.11 


1.24 + 0.11 


0.3 (froz.) 


0.13 + 


0.07 


1.1 


0.33 


0.1 


0.12 


0.18 


85 


0.29 + 0.28 


1.53 + 0.43 


0.3 (froz.) 


0.11 + 


0.08 


1.11 


0.34 


0.07 


0.1 


0.32 


Class III 






















2 


0.41 + 0.11 


1.32 + 0.16 


0.11 + 0.07 


0.71 + 


0.36 


0.86 


0.78 


0.29 


0.53 


O.le-4 


3+ 


0.03 + 0.22 


0.49 + 0.2 


0.3 (froz.) 


0.06 + 


0.14 


0.54 


0.85 


0.06 


0.05 


0.26 


11 


0.47 + 0.05 


1.69 + 0.15 


0.03 + 0.04 


2.65 + 


0.72 


0.96 


0.62 


1.2 


2.02 


0.02 


21 + 


0.9 + 0.34 


3.62 + 2.11 


0.3 (froz.) 


0.19 + 


0.14 


1.15 


0.29 


0.16 


0.24 





27 


0.72 + 0.29 


1.1 + 0.3 


0.04 + 0.06 


0.82 + 


0.96 


0.68 


0.96 


0.18 


0.49 


0.07 


29+ 


1 + 0.26 


1.01 + 0.22 


0.3 (froz.) 


0.26 + 


0.22 


0.48 


0.94 


0.07 


0.26 


0.4e-3 


38 


0.05 + 0.06 


2.53 + 0.5 


0.43 + 0.36 


0.26 + 


0.13 


0.98 


0.52 


0.34 


0.31 


0.3e-6 


45 


1.05 + 0.20 


0.94 + 0.15 


0.30 (froz.) 


0.35 + 


0.24 


0.85 


0.65 


0.08 


0.37 


0.09 


47 


0.07 + 0.09 


0.63 + 0.06 


0.3 (froz.) 


0.14 + 


0.09 


0.88 


0.66 


0.14 


0.14 


0.32 


57+ 


3.45+ 1.33 


4.92 + 4.5 


0.3 (froz.) 


0.17 + 


0.23 


0.56 


0.85 


0.12 


0.25 


0.9e-3 


65 


1+0.14 


2.95 + 0.51 


0.3 (froz.) 


0.91 + 


0.28 


0.69 


0.99 


0.65 


1.09 





67 


0.84 + 0.14 


2.58 + 0.39 


0.3 (froz.) 


0.91 + 


0.29 


0.75 


0.95 


0.61 


1.03 


0.5e-7 


Not a star 






















70 


1.1+0.52 


63.96 + 230.2 


0.3 (froz.) 


0.05 + 


0.05 


0.83 


0.77 


0.35 


0.41 


O.le-3 



f - Source undergoing an intense flare 
* - Unlikely a stellar source 

tSpectral fit A£ = 0.1 - 7.5 keV ^Spectral fit AE = 0.3 - 8.5 keV 



Fig. [To] and Fig. [13] and the results of the spectral fits for these 
sources are summarised in Table 13] In this section we comment 
on those sources which have a peculiarity or show an interesting 
behavior. 

4.1. Source 13 

A relatively bright X-ray source, it has no 2MASS counterpart 
but it has a Spitzer counterpart with colors apparently compat- 



ible with a Flat Spectrum YSO. Its X-ray spectrum is however 
very hard and strongly absorbed. If it were a thermal spectrum, 
the temperature would be in excess of 20 keV. Aa = 1.8 power 
law provides as good a fit as the thermal model; in both cases 
a significant soft excess remains. The absorbing column density 
is 3 to 4 X 10^^ cm"^, depending on the spectral model used. 
Such spectrum is very unlikely to originate in a stellar source, 
and therefore we consider this source most likely an active back- 
ground extragalactic object (an AGN). The source is present in 
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the XMM-Newton observation of lPreibisciil (l2003h . who identi- 
fied an IR counterpart (but does not extract an X-ray spectrum). 

4.2. Source 44 

Classified as a Class II source, on the basis of the ISO and its 
Spitzer colors, the source is observed during an intense (a fac- 
tor of ^ 4) flare, as reflected in the high X-ray temperature, 
kT = 6.7 keV. The lai-ge absorption N(H) = 1.4 x lO^^ cm^^ 
(Ay = 7.3) points to a source deep in the cloud. The sour ce was 
first detected at infr a red w avelengths by Eiroa & Casa lii (Il989l) 
and lEiroa & CasaUl (Il992h and later observed with the VLA 
(lBontempslll996l) . 

4.3. Source 48 

Source 48 is the X-ray counterpart of SVS 20, the deeply em- 
bedded IR double source loca ted inside the "eye " structure at the 
center of the Serpens nebula. lEiroa et al.l (119871) derived a sepa- 
ration of 1 .6 arcsec between the two co mponents and estim ated a 
total luminosity in the range 7-45 L^i lCiardi et al.l(l2005l) found 
that the temperatures and luminosities of the two protostellar ob- 
jects are quite different, for S VS-S they derived L ^ 20 - 80Lo 
and for SVS-N L ^ Q.9Lq. iDoppmann etal] (|2005|) estimated 
for SVS-S a luminosity of 24.7 L0. As can be seen from Fig.|9] 
in the Chandra image the PSF of this source is elongated in the 
North-East direction and Pwdetect places three sources (48, 49 
and 51) within it. At about 3 arcmin off-axis the two components 
of SVS 20, cannot be fully resolved by Chandra. Source 48 and 
49, however, are at the right distance and orientation to be the X- 
ray counterparts of SVS 20-S and N respectively. The presence 
of emission to the NE of Source 49 is unexpected and points to 
a more complex situation, perhaps the presence of a third source 
(without IR counterpart) or of an X-ray emitting jet. Using near- 
IR polarimetry combin ed with narrow-ban d imaging of molecu- 
lar hydrogen emission, iHuard et al. I (119971) detected outflow ac- 
tivity in the surroundings of SVS 20, and in particular they ob- 
served a knot of emission at ~ 20" distance from SVS 20, in the 
NE direction. 

We extracted the photons from a small (~ 1" radius) region 
around source 5 1 and obtained roughly 20 photons with a me- 
dian energy of ^ 5 keV. This is inconsistent with X-ray emission 
from a stellar outflow whose typical energy are below 1 keV and 
would point to a very absorbed stellar source or an extragalactic 
background source. The source, however, is not fully resolved 
from sources 49 and 48, which will likely contaminate it (more 
so at high energies, because of the energy dependence of the 
PSF), so that one cannot draw definite conclusions on the spec- 
tral energy distribution of this source. 

ISO and Spitzer colors for the unresolved system indicate 
a Flat Spectrum source. In the X-ray the star shows significant 
variability, with variations of a factor of two on a 20 ks time 
scale. With kT = 2.5 keV and A^(H) = 3.6 x 10^2 cm^^, equiv- 
alent lo Ay - 19 mag, the source is relatively hot and deeply 
embedded in the cloud. 

4.4. Source 54 - [EC92] 95 

[EC92] 95 is a heavily absorbe d intermediate-mass (~ 4-Mq) 
YSO, for which lR^eibischl (1 1 999h derived, from IR spectroscopy, 
a spectral type K2, with Ay ~ 36 mag and Lboi ~ 60 L©. 
Assumi ng that the X-ra y absorption was the same as the opti- 
cal one. iPreibischI d 1 998i) attributed an extremely large X-ray lu- 



ist 




Fig. 9. X-ray image of SVS 20 (source 48). Source 48 and 49 are 
at the right distance and orientation to be the X-ray counterpart 
of SVS 20-S and SVS20-N respectively. Source 51 could be a 
very absorbed stellar source or a background AGN (see text.) 



minosity to this star (Lx ~ 10 ), much hi gher than any kno wn 
stellar source. XMM-Newton observations (lPreibischLl2003h al- 
lowed the X-ray absorption to be directly determined, showing 
it to be over a factor of two lower than the optical estimate, thus 
bringing the X-ray luminosity to a value within the range ob- 
served in YSOs. The reason why the two absorption determina- 
tions (optical and X-ray) dififer is, however, still unknown. 

The X-ray spectral parameters determined from this 
C/janc/ra observation are = 2.7±0.2keV andLx = 1.9x10-" 
erg s-\ with A^h = (3.2 + 0.1) x 10^^ cm"^ ^ = 0.2 Zp, re- 
marka bly consistent with the parameters derived by IPreibischI 
(|2003|) for the XMM-Newton observation, showing that the 
source has little long-term variability in its X-ray emission. 

IPreibischI (l2003l) speculated about a number of possible sce- 
narios for the discrepancy, including some unidentified peculiar- 
ity of flat-spectrum YSOs, by analogy with IRS 5 in LI 551. 
However, the line of reasoning of Preibisch (2003) is based on 
the assumption that X-ray emission is observed from the IRS 
5 protostar ( which has Ay ~ 150 mag) . As demonstrated by 
iFavata et all (|2002|) and lBallv et"aLl (|2003|) the X-ray emission in 
this case comes from the associated Herbig-Haro object HH 154, 
which has, given that the jet penetrates through the absorbing 
cloud, a much lower absorption, with Ay ~ 1 mag, compatible 
with the absorption measured for the X-ray source. 

One possible explanation for the peculiar discrepancy be- 
tween the X-ray and optically determined absorption columns 
is that the source is surrounded by a thick accreting disk, and is 
seen nearly edge-on (explaining the large optically determined 
Ay). If at the same time the X-ray emission comes from a re- 
gion somewhat displaced above or below the disk (as it could 
be the case for a large polar corona), this could explain the 
lower absorbing column density observed in X-rays. However, 
this implies a corona with a significant scale height above the 
photosphere, and this is in conflict with recent evidence, for ex- 
ample, with the observed occurrence of rotational modulation 
in YSOs in Orion (IFlaccomio et al.L i2005i) . which implys that 
most coronal material is located in compact structures. While 
large fl aring magne t ic loop s have been observed, also in Orion 
YSOs (Favat a et al.L l2005ab . the consistency of the X-ray emis- 
sion from [EC92] 95 over a number of years appears to rule out 
the hypothesis that one may be seeing a large flaring loop ex- 
tending at a large distance from the star's photosphere. Indeed, 
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if the observed source variability (Fig.fTOli. is due to a flare, then 
the timescales of such variability 20 ks) would imply a rela- 
tively compact structure (Lioop ^ 5Rq). 

Another possible explanation for the discrepancy between 
the X-ray and optically determined absorption columns would 
be the presence of a lower mass companion. This companion 
star would have to be displaced from the disk of the main star, 
and be the main source of X-ray luminosity while contributing 
only a small fraction of the optical flux. Nevertheless, for such a 
companion star to have an X-ray luminosity of 1 .9 x 1 0^ ' erg s" \ 
its mass should be around 2 - 3Mq, as can be inferred by looking 
at the scatter plo t of X-ray luminosity versus star mass in e.g. 
iFlaccomio et al.l (12003 a) and therefore would provide significant 
contribution to the luminosity of the system. 

4.5. Source 57 

This source lies at 3.7 arcsec from the position of the Herbig- 
Haro flow HH456 identified by Davis et al. ( 1999). We believe 
it unlikely that the X-ray emission originates from shoc ks gen- 
erated by the Herbi g-Haro flow ( as rep orted by e.g. Pravdo et al.l 
(1200 lb for HH2 or lpavata et all (|2002|) for HH 154). The source 
is weak so its spectral characteristics cannot be well constrained, 
however it appears to be harder than generally observed in 
Herbig-Haro flows. 

The source has a 2MASS counterpart at only 0.2 arcsec dis- 
tance and a corresponding Spitzer source classified as a Class 
III star. A spectral fit with an absorbed IT plasma gives A^(H) - 
(3.5 + 1.3) X 10^2 cm-- and kT = 4.9 ± 4.5 (P = 0.85), consistent 
with the X-ray emission from the stellar corona of a CTTS or 
WTTS star 



4.6. Source 70 

This source has no 2MASS nor optical c ounterpar t . It ha s no 
counterpart within the ISO catalogue by Kaas et akl ( |2004|) and 
it was detected by Spitzer only in three of the IRAC channels 
(4.5, 5.8, and 8.0 /um), so the source could not be classified. Its 
X-ray spectrum is very hard. A fit with a thermal spectrum gives 
a temperature of 60 ke V, but it is badly constrained. A a - 1.2 
power law provides as good a fit as the thermal model. Such a 
spectrum is unlikely to originate in a stellar source, and there- 
fore we consider this most likely an X-ray bright background 
extragalactic object. The source is present in the XMM-Newton 
observation of Preibisch, (.2003.) . who also does not detect any 
near IR counterpart. 

4.7. Source 79 

During our observation, this Class II object, identified both in the 
ISO and Spitzer data, undergoes a strong, long-duration, flare: 
the intensity of the source increases by a factor of 10, impul- 
sively, and then slowly decays over a period of more than 50 
ks. To determine the spectral parameters of the flaring emission 
we subdivided the data for this source in four time intervals: the 
quiescent phase, the rise phase of the flare, its peak, and the flare 
decay. The parameters of the spectral fits derived for these four 
time intervals are summarised in Table|4] 

To derive the flare's phy sical parameters w e used the ap- 
proach initially discussed by iReale et aTl (Il997h and since then 
applied to a variety of stellar flares. This approach uses the slope 
^ of the flare decay in the log T versus log V£M diagram to ac- 
count properly for the presence of sustained heating during the 



flare decay. The calibration of the method for Chandra ACIS, 
and a detailed explanation of the physics behind it, can be found 
in Favata et al. (2005a), to which the reader is referred. In this 
formulation, the semi-length of the flaring loop is given by 



L = 



0.32 < ^ ^ 1.5 



(1) 



where a = 3.7 x lO^^cm^'s'^K^^^, Tlc is the 1/e folding time 
of the light curve decay, and T^ax is the peak temperature of the 
plasma in the flaring loop. The limits of applicability of Eq.[T] 
correspond, on one side (^ ^ 1.5), to a freely decaying loop, 
with no sustained heating, on the other (^ = 0.32), to a sequence 
of quasi-static states for the loop, in which the heating timescale 
is so long as to mask the loop's intrinsic decay. F{() and the 
relationship between Tmax and the best-fit peak temperature Tobs 
are both functions that need to be separately determined for each 
X-ray detector, depending on its spectral response. For ACIS, 



0.63 

F(0 = — + 1.41 



and 



^-0.32 



= 0.068ri,f . 



(2) 



(3) 



The log T versus log yJEM diagram for the flare of source 
79 is shown in Fig. [TT] The lowest point refers to the quiescent 
phase, the highest point corresponds to the rise phase of the flare, 
and the line joins the points relatives to the flare peak and its de- 
cay. The slope of this line is ^ = 1 .67, which is outside the limit 
of applicability of Eq.[T] however the error bars of the points are 
compatible with ^ = 1.0-1.5. Given a flare decay 1/e-folding 
time Tlc = 53 ks, Eqs. |2]and[T]result in a loop semi-length of 
L = 10- 12 /Jo. 

Source 79 appears to be a very-low-mass star; its posi- 
tion in the color-magnitude diagram of Fig.[2limpl yies a mass 
M < . 1 Mq. According to the evolutionary model of lSiess et alj 
(l2000h . at 2 Myr of age, such a star would have a radius R < Rq, 
hence, the flaring loop of source 79 extends to a dinstance of 
more than 10 times the stellar radius. Assuming for the loop 
a radius r - 0.1 L, typical of solar events, from the emission 
measure at the flare maximum, one derives an electron density 
He ^ 3.6 X 10^ cm""* and a corresponding equipartition magnetic 
field strength B ^ 60 G. 

Very long flaring structures in YSOs have been recently re- 
ported for half a dozen sources in the ONC by iFavata et al.l 
( 2005al) and, more tentatively, for HL Tau in LI 551 by 
iGiardino et al.l (12006). The flare in source 79 is similar, even 
though the star is significantly less massive than HL Tau and 
the objects in the ONC that exhibited evidence of very long flar- 
ing structures. This indicates that these long flaring structures 
develop in stars across a wide mass range (from apparently 
well below 0.1 Mq to M* ~ 2.4 Mq, the most massive object in 
the COUP flaring sample). 

As t he majority of YSOs is surrounded by disks. IFavata et al.l 
(12005 ah speculated that the large magnetic structures that confine 
the flaring plasma are actually the same type of structures that 
connect the star to the circumstellar disk, in the magnetospheric 
accretion paradigm. As described below, we detect, in the spec- 
trum of this star, 6.4 keV Fe fluorescent emission with a large 
equivalent width, compatible with it being due to fluorescence 
from a centrally irradiated circumstellar disk. 

The spectrum (integrated over the entire observation) of 
source 79 is shown in Fig. [10] together with its spectral fit with 
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Fig. 10. Light curves and spectra with spectral fits of sources discussed in the text. See Sect. 4. 



an absorbed IT plasma model. There appears to be an excess of 
emission redward of the Fe K complex at ^ 6.7 keV, at the ex- 
pected energy of the 6.4 keV Fe fluorescent line. To determine 
the significance of this excess, we fitted the spectrum of source 
79 again with an additional Gaussian line component at 6.4 keV, 
which was constrained to be nan^ow (10 eV), while its normali- 
sation was unconstrained. The other parameters of the absorbed 
IT plasma model (absorbing column density, temperature and 



normalisation of the thermal spectrum) were also unconstrained. 
The result of this new fit can be compared with the original fit in 
Fig.[T2l the excess at 6.4 keV is well accounted for by a narrow 
Gaussian Une with fitted intensity / = (3.79 + 5.78) x 10"^ pho- 
tons cm"^ s ' . The fitted values of the absorbed IT plasma model 
do not change significantly with the addition of the Gaussian line 
at 6.4 keV (cf. Table|2]l, while the null-hypothesis probability of 
the fit increases marginally from 50% to 54%. 
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Fig. 10. (Continued.) Light curves and spectra with spectral fits of sources of sources discussed in the text. See Sect. 4. 



The equival enth width of the fitt ed line is Wa - 149 eVQ. 
As discussed in iFavata et aP (l2005bh . such a large equivalenth 



' In computing the line equivalent width xspec does not provide an 
error, as this would involve an estimate of the error of the fitted contin- 
uum. We note, however, that given the large uncertainties in the fitted 
line intensity the uncertainties on Wa are also large: i.e. of the order of 
150%. 



width cannot be explained by fluorescent emission from colder, 
diffuse (optically thin) circumstellar material: the absorbing col- 
umn density required would in fact be of the order of lO^'* cm"^ 
in conflict with the value of 0.5 x 10^^ cm"^ derived from the 
spectral fit. Under optically thick conditions, the computation of 
the equivalent width of the fluorescence line requires a detailed 
radiative transfer treatment and the as sumption of a well defined 
geometry. Using the computation by iGeorge & FabianI ( 1199 lb . 
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Table 4. Best-fit spectral parameters for the quiescent phase and flaring phases of source 79; units are N22 - 10^^ cm ^ and 
EMsi - lO^-' cm"-'. Metal abundance was fixed at Z = 0.3 Zq 



Phase 


MH) 


kT 


EM 




P 


Rate 




N22 


keV 


EM53 






cts/s 


Quiesc. 


0.98 ± 0.22 


0.96 ±0.18 


0.92 ± 0.69 


1.32 


0.16 


4.2 ± 0.4 


Rise 


0.61 ± 0.20 


5.45 ±3.12 


1.65 ±0.65 


0.97 


0.52 


17.6 ± 1.2 


Peak 


0.60 ±0.10 


4.79 ± 1.22 


4.95 ± 1.13 


0.80 


0.90 


49.3 ± 2.2 


Decay 


0.44 ± 0.05 


3.42 ±0.31 


3.31 ±0.45 


0.93 


0.72 


32.9 ± 0.9 



7.4 



7. a 




Flare decay - f- 1.67 



26. -1 26.6 
0.5 lo(;( FM fern ) 



Fig. 11. The evolution of the flare of source 79 in the log T vs. 
log y/EM plane. 



for a spectral index y - 2 - 2.3, a centrally irradiated accre- 
tion disk (viewed face-on) would entail Wa = 120 - 150 eV. 
The X-ray spectrum of source 79 is similar to the model spectra 
that were used by George & Fabian (19910, hence, the equiva- 
lent width of the 6.4 keV line is compatible with Fe fluorescent 
emission from a centrally irradiated disk. 
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Fig. 12. Spectrum of source 79 in the 4.0 - 8.0 keV region and 
spectral fit using an absorbed thermal model (top) and with the 
addition of a narrow Gaussian component [bottom) at 6.4 keV 
(Fe fluorescent line) 



5. Conclusions 

Our 90 ks Chandra observations of the Serpens Cloud Core al- 
lowed the X-ray emission from this embedded young star clus- 
ter to be studied at high sensitivity. One of the goals of the 
observation was to search for X-ray emission from confirmed, 
bona fide Class sources, a still elusive target. We did not de- 
tect X-ray emission from any of the six well studied Class 
objects in the cloud core. The sensitivity of our observation al- 
lows us to put an upper limit to the X-ray emission from these 
Class sources: assuming that the absorbing column density is 
$ 4 X 10^^ cm"^ (Av $ 200 mag), and that the coronal tem- 
perature is kT ^ 2.5 keV (as observed in the Class I sources of 
Serpens), the typical X-ray luminosity of Class sources must 

* The data of source 79 can also be fitted (P = 0.60) by an absorbed 
power law with spectral index y = 2.3 ± 0.09 



be Lx $ 0.4 X 10^" erg s"'. If one assumes a higher plasma tem- 
perature of 3.5 ke V - the averag e plasma temperature of Class 
I sources in p Oph (lOzawa et al.! 2005) - then the typical lumi- 
nosity of Class sources must be Lx ~ 0.1 x 10""^ erg s^'or the 
absorbing column densities must be even higher. Class I sources 
in this region and p Oph have typical luminosities Lx ~ 1 x 10^*^ 
erg s"'. 

We performed a spectral and timing analysis of all the suffi- 
ciently X-ray bright YSOs. Our data show a clear pattern of in- 
creasing column densities from Class III to Class I sources, and 
also hint at evolution in the X-ray emitting plasma temperature 
of these YSOs. No evolutionary trend is found in these sources' 
temporal variability. 
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During our observations the low-mass Class II source, source 
79, undergoes a large, long-duration, flare for which we derive 
a semi-loop length of L - 10-12 Rq. Such a long flaring loop 
(~ 0.1 AU) could be explained if the flare is due to a magnetic 
reconnection event of a flux tube linking the star's photosphere 
with the inner rim of a circumstellar disk, as in the magneto- 
spheric accretion model. Interestingly, we detect, in the spectrum 
of this star, 6.4 keV Fe fluorescent emission with a large equiv- 
alent width, compatible with reflection off a circumstellar disk 
irradiated by the hard X-ray continuum emission of the flare. 
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6. Notes on individual sources 

We extracted the light curves and spectra of all the sources with 
count rate > 2 cts/ks. These are shown in Fig.[TO]and Fig. [T3] and 
the results of the spectral fits for these sources are summarised 
in Table|2] Below we comment on the brighter sources that were 
not discussed in Sect.H] 

6.1. Source 2 

This X-ray source, already detected bv lPreibischI ( |2003|) . has an 
optical and (bright) IR counterpart and it is classified as Class 
III by its Spitzer colo r s. It h as no counterpart in the ISO cat- 
alogue by iKaas et aT I (12004 . The source displays a variabil- 
ity of a factor of 2 in its X-ray counts and its X-ray spectrum 
(Table H is well fit by a l-T model, with A^(H) = 4.1 x 10^' 
cm^2^ = 1.3 keV, and Z = 0.1 IZ©, typical of a Class III 
source. 

6.2. Source 1 1 

One of the brightest X-ray sources in the region, and bright in 
2MASS, its Spitzer colors identify it as a Class III source; it has 
no counterpart in the ISO catalogue. A fit to its X-ray spectrum 
gives kT ^1.7 keV and N(H) = 4.7 x lO^' cm^^ (Tabled, also 
typical for a Class III source. 

6.3. Source 27 

A bright 2MASS source, classified on the basis of the Spitzer 
colors as Class III; it has no counterpart in the ISO catalogue. 
Its fitted absorbing column density, A^(H) = 7.2 x 10^' cm"^, 
and plasma temperature, kT = 1.1 keV are typical for a Class III 
source. 

6.4. Source 34 

A bright 2MASS source akeady identified as a member of the 
Serpens cloud by Eiroa & Casali ( 1992) ([EC92] 67), both the 
ISO and Spitzer colors indicate a Class II source. The X-ray light 
curve shows variability within a factor of ^ 2, while the X-ray 
spectrum is relatively hot, with kT - 3.2 keV, and A^(H) = 7.6 x 
10-' cm-2. 

6.5. Source 38 

An object with Class III Spitzer colors, which has no counter- 
part in the ISO catalogue. The X-ray light curve shows a short- 
lasting, impulsive flare. The spectrum has a best fit temperature 
of kT = 2.5 keV and a low absorption, A^(H) = 0.5 x lO^' cm^^. 
The low A^(H) value makes it likely that the source is at the sur- 
face of the Serpens cloud. 
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Table 5. X-ray sources detected with Pwdetect in the Chandra observation of the Serpens star forming region. For the sources with 
a 2MASS counterpart (within a search radius of 3 arcsec) the values of their magnitude in the J, H and K bands are also given, 
together with the radial distance from this counterpart (r), the associations (a) with Tycho 2 or USNOA-2.0 optical catalog sources, 
U or T respectively and their optical magnitude. The ISO field provides the source number and Class of the counterpart in the ISO 
catalogue by Kaas et al. (2004) (also within a search radius of 3 arcsec). The last three fields give the source identification numbers 
and classification in the Spitzer data: the first id is the source IR id and the second one the YSO id number. Class I/II and Class II/III 
indicate Flat Spectrum and Transition Disk objects, respectively. AH the Spitzer counterparts are within 1 arcsec from the X-ray 
sources, unless their IR id is accompanied by t or is in between brackets. In the first case, although the matching distance is greater 
than 1", we are confident in the cross-identification reUabiUty, in the second case some doubts remains (these are usually faint IR 
sources). 
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in 


22 


XO / 


01 14 01 


Oil + 05 
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23 


1 8 90 44 6 


01 13 11 


n 09 + 9'S 


13.3 


12.2 


11.8 


0.3 
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ji 


24 


18 29 44.7 


n 1 1 n 


1 8 + n 08 


16 f, 

iU.U 


14 6 


^^ 7 
i J. / 


9 8 
z.o 


u 








C7065"! 




III 


25 


18 29 45.1 


01 24 37 


n 97 + 10 
























96 

z,u 


1 8 90 4fi ^ 


01 07 47 




















("3747 U 






97 


1 8 90 47 9 


01 22 34 


1. 14 + 99 


1 1 8 
i i .0 


10 S 

i V. J 


10 1 


9 


TT 
U 


10 8 

i7.0 


1^1 




10876 

iUO / U 


100 

Lyy 


HI 


98 


1 8 90 40 
10 ^7 t^.u 


ni 17 flfi 

Ui i / \J\J 


49 + 1 4 


16 


1 7 
i J. / 


19 7 


n 9 


n 

u 






254 I 


10187 

iUiO / 


7 




90 


io JU.O 


fll (18 ^8 

Ui uo Jo 


7Q 4. 1 9 

U. / 7 nl U. iZ, 


14 4 


i J.w 


19 5 

iZ.. J 




U.J 


u 








19998'f 


900 


TTT 
iii 


30 


18 90 51 9 


01 16 41 


^0 + OQ 


16.7 


15.1 


13.0 


1.2 









265 I 


42625 


24 


I 


31 


1 8 20 5 1 2 


01 13 20 


011 + 05 


16.5 


14.5 


13.6 


0.2 











13144 


95 


II 


32 


1 8 20 52 2 


01 15 59 


1.01 ± 0.19 


















42231 


22 


I 


33 


18 29 52.9 


01 14 56 


0.12 ±0.06 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


2761 


41692 


20 


I 


34 


18 29 53.6 


01 17 02 


6.11 ±0.28 


12.6 


11.2 


10.4 


0.2 


u 


19.7 


16.6 


283 11 


10801 


81 


II 


35 


18 29 54.5 


01 14 47 


0.29 ± 0.09 


14.2 


13.3 


12.8 


0.2 











11909 


87 


II 


36 


18 29 55.4 


01 10 34 


0.35 ± 0.07 


14.0 


13.4 


12.9 


0.1 











11296 


201 


m 


37 


18 29 55.7 


01 14 31 


0.50 ± 0.08 


15.3 


12.5 


10.7 


0.2 









298 II 


12547 


38 


i/n 


38 


18 29 56.2 


01 10 57 


4.14 ±0.25 


12.5 


11.7 


11.4 


0.2 











11728 


205 


m 


39 


18 29 56.4 


01 12 18 


0.11 ±0.04 


15.3 


14.3 


13.6 


0.1 











(11699) 


204 


m 


40 


18 29 56.6 


01 12 59 


0.16 ±0.06 


15.0 


12.8 


11.5 


0.3 









304 II 


10636 


80 


II 


41 


18 29 56.7 


01 19 54 


0.18 ± 0.06 


















(57555) 






42 


18 29 56.7 


01 12 39 


0.40 ± 0.08 


18.1 


16.5 


14.1 


0.2 









3061 


8797 


61 


II 


43 


18 29 56.9 


01 14 46 


0.28 ± 0.08 


12.0 


10.8 


9.3 


0.2 









307 I/II 


13114 


9 


I 


44 


18 29 57.0 


01 12 48 


2.93 ± 0.20 


15.2 


12.5 


11.1 


0.1 









309 II 


11376 


85 


II 


45 


18 29 57.4 


01 14 50 


1.28 ±0.12 


13.3 


11.7 


10.9 


0.2 











8506 


190 


III 


46 


18 29 57.6 


01 13 00 


0.17 ±0.06 


16.5 


14.1 


13.1 


0.2 









3121 


11670 


8 


I 


47 


18 29 57.7 


01 10 53 


2.41 ± 0.21 


8.1 


8.1 


8.2 


0.1 


T 


8.6 


8.5 




9456 


192 


III 


48 


18 29 57.7 


01 14 05 


6.61 ± 0.36 


12.2 


9.2 


7.2 


0.4 









314* I/II 


10172* 


35 


I/II 


49* 


18 29 57.8 


01 14 07 


0.27 ±0.13 








14 

















50 


18 29 57.8 


01 15 32 


1.64 ±0.26 


16.2 


12.8 


10.8 


0.2 









319 II 


10942 


83 


II 


51* 


18 29 57.8 


01 14 08 


0.11 ±0.05 








2.4 


















% sources associated with the elongated PSF of source 48 (SVS 20) * distance of ISO source greater than 3 arcsec 



16 G. Giardino et al.: The onset of X-ray emission in young stellar objects 



Table 5. (continued) X-ray sources detected with Pwdetect in the Chandra observation of the Serpens star forming region. 



N. 


RA(J200) 
deg 


Dec(J200) 
deg 


Count rate 
ks ' 


J 


H 


K 


r 

arc sec 


a 


B 


VR 


ISO 


IR 


YSO 


Class 


52 


18 29 57.8 


01 12 38 


0.29 ± 0.09 


17.2 


14.4 


11.7 


0.2 





- 


- 


318 I/II 


12355 


37 


I/II 


53 


18 29 57.9 


01 12 51 


6.7 ± 0.50 


15.8 


12.5 


10.5 


0.2 





- 


- 


317 I/II 


8173+ 


2 


I 


54 


18 29 57.9 


01 12 46 


44.99 ± 0.76 


16.6 


12.5 


10.0 


0.2 





- 


- 


- 


14647 


105 


II 


55 


18 29 58.2 


01 15 21 


1.78 ± 0.18 


13.1 


11.2 


9.9 


0.2 





- 


- 


321 II 


7685 


27 


I/II 


56 


18 29 58.5 


01 12 50 


0.19 ±0.06 


18.1 


14.8 


12.3 


0.3 





- 


- 


322 I/II 


12962+ 


- 


II 


57 


18 29 59.1 


01 11 14 


0.56 ± 0.10 


16.9 


16.2 


14.4 


0.2 





- 


- 


- 


10535 


198 


II 


58 


18 29 59.1 


01 11 20 


0.31 ± 0.11 


14.2 


12.6 


11.9 


0.3 





- 


- 


- 


10161 


196 


III 


59 


18 29 59.2 


01 14 08 


1.29 ± 0.20 


11.8 


10.4 


9.5 


0.2 


u 


19.7 


16.9 


328 II 


8450 


59 


II 


60 


18 29 59.6 


01 11 58 


0.71 ± 0.11 


17.9 


17.4 


14.7 


0.4 





- 


- 


3301 


8176 


3 


I 


61 


18 29 59.6 


01 14 12 


1.32 ± 0.14 


- 


- 


- 


- 


- 


- 


- 


- 


41458 


19 


I 


62 


18 30 00.2 


01 14 03 


0.15 + 0.05 


15.7 


13.9 


12.8 


0.2 





- 


- 


- 


8029 


28 


i/n 


63 


18 30 00.3 


01 09 44 


0.53 ± 0.14 


- 


- 


- 


- 


- 


- 


- 


- 


38922 


110 


n 


64 


18 30 00.5 


01 23 45 


0.89 ± 0.24 


- 


- 


- 


- 


- 


- 


- 


- 


(57779) 


- 


- 


65 


18 30 00.7 


01 13 40 


6.04 ± 0.28 


13.4 


11.2 


10.1 


0.2 





- 


- 


338 II 


13265' 


216 


Ill 


66 


18 3001.1 


01 13 24 


0.83 ±0.11 


17.9 


15.4 


13.2 


0.2 





- 


- 


341 I/II 


8794 


30 


I/II 


67 


18 30 01.2 


01 15 03 


5.58 ±0.34 


15.4 


13.1 


12.0 


0.2 





- 


- 


- 


10085 


195 


III 


68 


18 30 01.4 


01 18 08 


0.16 ±0.06 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


69 


18 30 03.4 


01 16 19 


2.32 ± 0.21 


12.3 


11.1 


10.4 


0.1 


u 


18.9 


15.0 


- 


10468 


78 


II 


70 


18 30 04.6 


01 22 33 


2.21 ± 0.23 


- 


- 


- 


- 


- 


- 


- 


- 


57713 


- 


- 


71 


18 30 04.9 


01 14 39 


0.15 ±0.06 


13.7 


12.7 


12.2 


0.4 





- 


- 


- 


13700 


98 


II 


72 


18 30 05.5 


01 14 25 


0.20 ± 0.07 


15.2 


14.4 


14.1 


0.5 





- 


- 


- 


11452 


203 


III 


73 


18 30 06.1 


01 06 17 


2.35 ± 0.22 


12.9 


11.8 


11.2 


0.5 


u 


19.0 


16.5 


- 


10946 


84 


II 


74 


18 30 06.7 


01 12 16 


1.02 ±0.13 


- 


- 


- 


- 


- 


- 


- 


- 


(40517) 


- 


- 


75 


18 30 07.7 


01 12 04 


2.95 ± 0.28 


12.3 


10.8 


10.1 


0.1 





- 


- 


366 II 


9882 


73 


II 


76 


18 30 08.2 


01 10 55 


0.41 ±0.12 


- 


- 


- 


- 


- 


- 


- 


- 


(39762) 


- 


- 


77 


18 30 09.9 


01 17 07 


0.16 ±0.07 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


78 


18 30 10.4 


01 10 06 


0.31 ± 0.10 


















39349 






79 


18 30 11.1 


01 12 38 


22.70 ± 0.57 


13.3 


12.5 


12.0 


0.1 









393 II 


13765 


101 


II 


80 


18 30 11.1 


01 17 52 


0.24 ± 0.08 


















(43769) 






81 


18 30 12.6 


01 12 27 


0.84 ±0.12 


















57165 






82 


18 30 16.2 


01 17 54 


0.22 ± 0.07 
























83 


18 30 18.2 


01 14 17 


0.68 ±0.12 


13.3 


11.8 


10.9 


0.7 











14137 


40 


I/II 


84 


18 30 22.4 


01 20 44 


1.46 ±0.19 


13.1 


12.2 


11.9 


0.5 


u 


18.8 


16.4 




12371 


157 


ii/iii 


85 


18 30 23.1 


01 20 09 


0.85 ±0.14 


13.4 


12.6 


12.2 


1.0 


u 


19.50 


16.80 




8080 


128 


ii/iii 



6.6. Source 47 



The only optically bright star in our sample, HD 170545, 
has photosphe r ic col ors compatible with an AO spectral type 
jStraizys et al.L Il996l) . and photometrically determined extinc- 
tion Ay - 0.53, compatible with Serpens mem bership. The 
source was already identified in the IR study by IStrom et"an 
( Il976l) . Spitzer colors indicate a Class III sources, consistent 
with a thin disk. Str aizvs et alj (1 19961) indicate that a fainter 
companion at 7 arcsec is present. The X-ray spectrum has a 
moderate temperature (kT - 0.6 keV) and a low absorption 
/V(H) < 3 X 10^°, compatible with the optical absorption. 



6.7. Source 53 



6.8. Source 65 

Classified as Class II in ISO study a nd as Class III by its Spitzer 
colors, this star already identified by B ontempsI i 1 996 f). has a low 
best fit absorbing column density indicating that is probably in 
the surface of the cloud. The star shows significant variability (a 
factor of 3 over 40 ks) and a relatively high plasma temperature 
(kT = 2.95 keV). 



6.9. Source 67 

This source has no counterpart in the ISO catalogue but it is 
seen in the Spitzer observati on and classified as Class III. It was 
first observed in the IR by Churchwell & Koornnee j (11986'). A 
spectral fit with an absorbed IT plasma gives /V(H) = 0.8 x 10^^ 
cm"^ and kT -2.6 keV. 



This source is classified as a flat-spectrum YSO in the ISO study 
and by its Spitzer colors. It has a radio c ounterpart (Bontemps, 
11996) and was classi fied as a YSO by Eiroa & Casah (.1989.) 
and iKaas et al. I (12004 . The light curve shows significant vari- 
ability: a factor of three on the 20 ks time scale. Its best fit 
plasma temperature (kT - 3.8 keV) and absorbing column den- 
sity (/V(H) = 4.2 X 10^^ cm"^) indicate an other relatively hot 
and deeply embedded object. 



6.10. Source 69 

Also this source has no counterpart in the ISO catalogue, but 
it is classified as a Class II from its Spitzer colors. Its best-fit 
absorbing column density (/V(H) = 1 .2 x 1 0^^ cm"^) is typical for 
the Serpens cloud. The best-fit plasma temperature is = 1 .0 
keV. 
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Table 6. The cross-identification of the sources below was obtained from the Simbad database, with a search radius of 5 arcsec. 
Identifier are as follow: [B96] Bontemps (1996), [CK86] Churchwell & Koornneef (1986), [EC92] Eiroa & CasaU (1992), [GCN98] 
Giovaimetti et al. (1998), [HB96] Hurt & Barsony (1996), [KOB2004] Kaas et al. (2004), [KCM2004] Klotz et al. (2004), [P2003] 
Preibisch (2003), [SVS76] Strom, Vrba & Strom (1976). 



2 


18 29 22.7 


+01 10 33 


[P2003] J182922.8+011032 


3 


18 29 27.7 


+01 12 58 


BD+01 3686 


9 


18 29 32.0 


+01 18 42 


IRAS 18269+0116 - ESO-HA 279 


11 


18 29 33.1 


+01 17 16 


[P2003] J182933. 1+01 1716 


13 


18 29 35.2 


+01 23 39 


[P2003]J182935. 1+012338 


18 


18 29 39.9 


+01 17 56 


[P2003] J182939.7+011754 


21 


18 29 42.3 


+01 12 02 


[KCM2004] J182942.36+01 1201.9 


23 


18 29 44.6 


+01 13 11 


[EC92] 11 


27 


18 29 47.2 


+01 22 34 


[P2003] J182947.3+012234 


28 


18 29 49.6 


+01 17 06 


[EC92] 38 


30 


18 29 51.2 


+01 1641 


[EC92] 53 


31 


18 29 51.2 


+01 13 20 


[EC92] 51 - [GCN98] 37 


33 


18 29 52.9 


+01 14 56 


[GCN98] 53 


34 


18 29 53.6 


+01 17 02 


[EC92] 67 


35 


18 29 54.5 


+01 14 47 


[EC92] 70 


36 


18 29 55.4 


+01 10 34 


[P2003] J182955.3+011034 


37 


18 29 55.7 


+01 14 31 


[CK86] 9 - [EC92] 74 


38 


18 29 56.2 


+01 10 57 


[P2003] J182956.3+011056 


39 


18 29 56.4 


+01 12 18 


[EC92] 77 - [SVS76] 1 


40 


18 29 56.6 


+01 12 59 


[EC92] 79 


42 


18 29 56.7 


+01 12 39 


[EC92] 80 


43 


18 29 56.9 


+01 14 46 


[SVS76] 2 - [CK86] 3 - [EC92] 82 


44 


18 29 57.0 


+01 12 48 


[EC92] 84 - [B96] Serpens 5 


45 


18 29 57.4 


+01 14 50 


[EC92] 86 


46 


18 29 57.6 


+01 13 00 


[B96] Serpens 6 - [EC92] 88 


47 


18 29 57.7 


+01 10 53 


[SVS76] 19 


48 


18 29 57.7 


+01 14 05 


[SVS76] 20 - [GCN98] 98 - [GCN98] 99 - [B96] Serpens 7 - [EC92] 90 - [KOB2004] 314 


50 


18 29 57.8 


+01 15 32 


[CK86] 13 - EC93 


52 


18 29 57.8 


+01 12 38 


[EC92] 94 


53 


18 29 57.9 


+01 12 51 


[EC92] 95 - [B96] Serpens 8 


54 


18 29 57.9 


+01 12 46 


[B96] Serpens 8 


55 


18 29 58.2 


+01 15 21 


[CK86] 4 - [EC92] 97 


56 


18 29 58.5 


+01 12 50 


[EC92] 98 


57 


18 29 59.1 


+01 11 14 


HH 456 : HH 


59 


18 29 59.2 


+01 14 08 


[CK86] 8 - [EC92] 105 


60 


18 29 59.6 


+01 11 58 


[HB96] PS 1 


61 


18 29 59.6 


+01 14 12 


[GCN98] 122 - [B96] Serpens 10 


62 


18 30 00.2 


+01 14 03 


[EC92] 114 


63 


18 30 00.3 


+01 09 44 


[KOB2004] 332 


65 


18 30 00.7 


+01 13 40 


[EC92] 117 - [CK86] 6 - [B96] Serpens 13 


66 


18 30 01.1 


. r» 1 1 T /I 

+01 13 24 


[EC92J 121 


67 


18 30 01.2 


+01 15 03 


[CK86] 12 - [GCN98] 147 


69 


18 30 03.4 


+01 16 19 


[EC92] 135 - [EC92] 138 


70 


18 30 04.6 


+01 22 33 


[P2003] J183004.7+012232 


71 


18 30 04.9 


+01 14 39 


[EC92] 149 


72 


18 30 05.5 


+01 14 25 


[EC92] 156 


73 


18 30 06.1 


+01 06 17 


[P2003] J183006.4+010616 


74 


18 30 06.7 


+01 12 16 


[P2003] J183006.7+011216 


75 


18 30 07.7 


+01 12 04 


[KOB2004] 366 


79 


18 30 11.1 


+01 12 38 


[KOB2004] 393 


83 


18 30 18.2 


+01 14 17 


[P2003] J183018.3+011416 


84 


18 30 22.4 


+01 20 44 


[P2003] J 183022.4+0 12044 



6.11. Source 73 



6. 12. Source 75 



An object with Spitzer colors compatible with being Class II, 
with no counterpart in the ISO catalogue. The X-ray hght curve 
shows a short-lasting, impulsive flare. The spectrum has a best 
fit temperature of kT - 1 .0 keV and and a typical absorption 
value of Af(H) = 0.8 x 10^^ cm^l 



A Class II object identified both in the ISO and Spitzer data. It 
has an absorption value below the average {N(\\) — 0.5 x lO'^^ 
cm"^) for this sample and a relatively high plasma temperature 
{kT = 2.8 keV). 
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Fig. 13. Light curves and spectra with spectral fits of sources with more than 2 cts ks~^ 
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Bin time: 3600. 
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Fig. 13. (Continued.) Light curves and spectra with spectral fits of sources with more than 2 cts ks 
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Bin time; 3600. 
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Fig. 13. (Continued.) Light curves and spectra with spectral fits of sources with more than 2 cts ks~^ 
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Bin time: 3600. 
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Fig. 13. (Continued.) Light curves and spectra with spectral fits of sources with more than 2 cts ks 



